Green synthesis of metal oxide nanoparticles using plant extract is a promising alternative to traditional method of chemical synthesis. In this paper, we report the synthesis of nanostructured zinc oxide particles by biological method. Highly stable and spherical zinc oxide nanoparticles are produced by using zinc acetate and Ixora coccinea leaf extract. Formation of zinc oxide nanoparticles has been confirmed by UV-Vis absorption spectroscopy, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Dynamic light scattering analysis (DLS), zeta potential study and Scanning Electron Microscope with the Energy Dispersive X-ray studies (EDX). Dynamic light scattering analysis shows average particle size of 145.1 nm whereas high zeta potential value confirms the stability of formed zinc oxide nanoparticles. The Scanning Electron Microscope reveals spherical morphology of nanoparticles and Energy Dispersive X-ray analysis confirms the formation of highly pure zinc oxide nanoparticles. The zinc oxide nanoparticles from Ixora coccinea leaves are expected to have applications in biomedical, cosmetic industries, biotechnology, sensors, medical, catalysis, optical device, coatings, drug delivery and water remediation, and also may be applied for electronic and magneto-electric devices. This new eco-friendly approach of synthesis is a novel, cheap, and convenient technique suitable for large scale commercial production.
Introduction
Nanoparticles are of great interest due to their extremely small size and large surface area to volume ratio, which lead to both chemical and physical differences in their properties (e.g. mechanical properties, biological and sterical properties, catalytic activity, thermal and electrical conductivity, optical absorption and melting point) compared to bulk of the same chemical composition. Therefore, design and production of materials with novel applications can be achieved by controlling shape and size at nanometre scale. Nanoparticles exhibit size and shape-dependent properties which are of interest for applications ranging from biosensing and catalysts to optics, antimicrobial activity, computer transistors, electrometers, chemical sensors, and wireless electronic logic and memory schemes. These particles also have many applications in different fields such as medical imaging, nanocomposites, filters, drug delivery, and hyperthermia of tumors [1] - [3] .
Over the past few decades, inorganic nanoparticles, whose structures exhibit significantly novel and improved physical, chemical, and biological properties and functionality due to their nano-scale size, have elicited much interest. Recent studies have shown that nanoparticles of some materials including metal oxides, can induce cell death in eukaryotic cells [4] - [6] and growth inhibition in prokaryotic cells due to cytotoxicity.
Among the metal oxide nanoparticles, zinc oxide nanoparticles have drawn attention of many researchers for their unique optical and chemical behaviors which can be easily tuned by changing the morphology. Within the large family of metal oxide nanoparticles, zinc oxide nanoparticles have been used in various cutting edge applications like electronics, communication, sensor, cosmetics, environmental protection, biology and medicinal industry [7] - [11] . Moreover, zinc oxide nanoparticles have a tremendous potential in biological applications like biological sensing, biological labelling, gene delivery, drug delivery and nanomedicines.
Different physical and chemical processes are currently widely used to synthesize metal nanoparticles, which allow one to obtain particles with the desired characteristics.
However, these production methods are usually expensive, labor-intensive, and are potentially hazardous to the environment and living organisms. Thus, there is an obvious need for an alternative, cost-effective and at the same time safe and environmentally sound method of nanoparticle production [12] - [14] . During the past decade, it has been demonstrated that many biological systems, including plants and algae [15] , bacteria [16] , yeast [17] and fungi [18] can transform inorganic metal ions into metal nanoparticles via the reductive capacities of the proteins and metabolites present in these organisms.
Several conventional methods have been used for synthesis of zinc oxide nanoparticles like chemical vapor synthesis [19] , laser ablation [20] , solvothermal [21] , thermal decomposition [22] and sol-gel method [23] . However, these production methods are usually expensive, labor-intensive, and are potentially hazardous to the environment and living organisms. Chemical methods lead to the presence of some toxic chemicals adsorbed on the surface that may have adverse effects in medical application [24] . Some problems that are often experienced in synthesizing metal nanoparticles are stability and aggregation, control of crystal growth, morphologies, sizes, and distribution, which are important issues and continue to be solved. Thus, there is an obvious need for an alternative, cost-effective and at the same time safe and environmentally sound method of nanoparticle production. Therefore there is a need for "green chemistry" that offers numerous benefits of eco-friendliness and compatibility for pharmaceutical and other biomedical applications, where toxic chemicals are not used for the synthesis protocol.
The use of agricultural wastes [25] or plants and their parts [26] - [27] has emerged as an alternative to chemical synthetic procedures because it does not require elaborate processes such as intracellular synthesis and multiple purification steps or the maintenance of microbial cell cultures [28] . Along with this plants also provide a better platform for nanoparticle synthesis as they are free from toxic chemicals as well as provide natural capping agents [29] - [30] .
Few papers reported the biosynthesis of zinc oxide nanoparticles using plant extracts such as Aloe barbadensis miller [31] , Physalis alkekengi [32] , Parthenium hysterophorus [33] , Zingiber officinale (ginger) [34] , Azadirachta indica [35] , Ocimum basilicum L. var. Purpurascens [36] , Medicago sativa [37] , Anisochilus carnosus [38] , milky latex of Calotropis procera [39] , Poncirus trifoliate plant dried fruits, Hibiscus rosasinensis [40] and fruit juice of Citrus aurantifolia [41] . In this regard using green methods in the synthesis of zinc oxide nanoparticles has increasingly become a need of time. Green method using leaf extract of Ixora coccinea has been used for the first time for the synthesis of zinc oxide nanoparticles. Ixora coccinea Linn. (Rubiaceae), commonly known as jungle of geranium and red Ixora, is an evergreen shrub found throughout India.
Depending on the medical condition, the flowers, leaves, roots, and the stem are used to treat various ailments in the Indian traditional system of medicine, the Ayurveda, and also in various folk medicines. Phyto-chemical studies indicate that the plant contains important phytochemicals such as lupeol, ursolic acid, oleanolic acid, sitosterol, rutin, lecocyanadin, anthocyanins, proanthocya-nidins, glycosides of kaempferol and quercetin. Pharmacological studies suggest that the plant possesses antioxidative, antibacterial, gastroprotective, hepatoprotective, antidiar-rhoeal, antinociceptive, antimutagenic, antineoplastic and chemopreventive effects [42] . Synthesis of gold nanoparticles in aqueous medium using flower extracts of Ixora coccinea as reducing and stabilizing agent has been reported by [42] . But there is no report available for the synthesis of zinc oxide nanoparticle by using any part of plant Ixora cocinea. Hence, in the present investigation, biological approach using leaf extract of Ixora coccinea as a reducing as well as surface stabilizing agent for the synthesis of zinc oxide nanoparticles has been reported. Synthesized product was characterized by the standard characterization techniques.
Experimental

Materials
Ixora coccinea leaves were collected from Institute of Chemical Technology campus, Matunga, Mumbai, India. The important compounds in the plant extract are hydroxyl and carbonyl groups. Both functional groups allowed plant extract to act as reducing agent. Functional groups present in the leaves extract of Ixora coccinea such as phenol-ics and alkaloids are responsible for capping thereby stabilization of nanoparticles reduced. Zinc acetate dihydrate (Zn(O 2 CCH 3 ) 2 as metal ion precursor which act as zinc source and sodium hydroxide (NaOH ) as precipitating agent were purchased from Merck, India Pvt. Ltd. Distilled water was used throughout the reaction process.
Preparation of the Leaf Extract
Fresh leaves of Ixora coccinea were thoroughly cleaned with running tap water to remove debris and other contaminations, followed by distilled water and air dried at room temperature. Leaves were finely chopped into small pieces. The aqueous extract of sample was prepared by boiling the freshly collected cut leaves (10 g), with 100 cm 3 of distilled water, at 60˚C for about 20 minutes, until the color of the aqueous solution changes from watery to light brown. Then the extract was cooled to room temperature and filtered using whatman filter paper. The extract was stored in a refrigerator in order to be used for further experiments. 
Green Synthesis of Zinc Oxide Nanoparticles
Characterization of Zinc Oxide Nanoparticles
The obtained zinc oxide nanoparticles were measured for its maximum absorbance using UV-Vis spectrophotometry. The optical property of zinc oxide nanoparticles was determined via ultraviolet and visible absorption spectroscopy in the range of 280 -420 nm. Structure of zinc oxide nanoparticles was analyzed by using X-Ray Diffraction (XRD) analysis. Particle size of synthesized nanoparticles was obtained by Dynamic light scattering analysis (DLS) and stability of the nanoparticles was checked by zeta potential measurement. External morphology i.e. shape of the nanoparticles were characterized by Scanning Electron Microscope (SEM). Elemental analysis was obtained from energy dispersive X-ray diffraction (EDX), which was attached with SEM.
Results and Discussion
UV-Visible Spectral Analysis
The optical absorption spectra of zinc oxide nanoparticles were recorded using UV/VIS 
X-Ray Diffraction (XRD) Analysis
The X-Ray diffraction (XRD) pattern of synthesized zinc oxide nanoparticles is shown in Figure 3 . A normal focus diffractometer (RegakuMiniflex, Japan) source Cu target at 
Dynamic Light Scattering (DLS) Analysis
Particle size was determined by dynamic light scattering technique using Nano plus (Micromeritics, USA).The instrument can measure the particle size of samples suspended in liquids in the range of 0.1 nm to 12.3 µm with sample suspension concentrations from 0.00001% to 40%, plus a sensitivity for molecular weight to as low as 250 Da.
Dynamic light scattering is a widely used technique for the determination of particle size in colloidal solution. The average size of the particles, size distribution, and polydispersity index (PDI) of the synthesized zinc oxide nanoparticles were determined by this technique and the results are shown in Figure 4 . The resulting particle size of zinc oxide nanoparticles exhibits the size distribution starting from 78 to 145 nm. It shows the average particle size of 145.1 nm which is in well agreement with scanning electron microscopy analysis results which are shown below in the figure number 7 (a) and 7 (b). Polydispersity index found was 0.189 which indicates synthesized particles are monodispersed.
Zeta Potential Analysis
Zeta potential analysis was carried out to detect the surface charges acquired by zinc oxide nanoparticles, which can be used to gain further insights into the stability of the was measured using instrument provided by Nanoplus-Micromeritics, USA. This instrument has the ability to perform highly accurate zeta potential measurements of sample suspensions in the −500 mV to +500 mV range. Patented FST technology utilizes a transparent electrode to minimize path length and reduce multiple scattering effects. The magnitude of zeta potential gives an insinuation of potential stability of colloid. If the particles in a suspension have large negative or positive zeta potential values, particles will repel each other and there will be no aggregation of nanoparticles. On the other hand, if particles have small zeta potential values there is no force to prevent particle coming together and their aggregation. It is generally considered that the zeta potential values greater than +30 mV or smaller than −30 mV, result in stable suspensions [45] . The zeta potential of the synthesized zinc oxide nanoparticles was determined in water as dispersant. The zeta potential was found to be −49.19 mV as shown in Figure  5 . The high value confirms the repulsion among the particles and thereby increases in stability of the formulation [46] .
Fourier Transform Infrared Spectroscopy (FT-IR) Analysis
FT-IR is an effective method to reveal the composition of products. Figure 6 is a typical FTIR spectrum of pure zinc oxide nanoparticles and Table 1 indicates absorption spectrum with possible assignments. Peak at 533 cm −1 is the characteristic absorption of Zn-O bond and the broad absorption peak at 3398 cm −1 can be attributed to the characteristic absorption of hydroxyl. These data are similar to the results observed by others [47] .
Scanning Electron Microscopy (SEM) Analysis
The morphology of the prepared nanoparticles was examined using scanning electron microscopy. 
Energy Dispersive X-Ray Diffractive (EDX) Analysis
The Energy Dispersive X-ray Diffractive (EDX) study was carried out for the synthesized Figure 5 . Zeta potential analysis of synthesized zinc oxide nanoparticles. zinc oxide nanoparticles to know about the elemental composition. EDX confirms the presence of zinc and oxygen signals of zinc oxide nanoparticle as shown in Figure 8 and this analysis showed the peaks that corresponded to the optical absorption of the produced nanoparticle. The elemental analysis of the nanoparticle yielded 77.56% of zinc and 22.44% of oxygen which proves that the produced nanoparticle is in its highest purified form. 
Conclusion
The rapid biological synthesis of zinc oxide nanoparticles using leaf extract of Ixora coccinea provides an environmental friendly, simple and efficient route for synthesis of nanoparticles. Zinc oxide nanoparticles have been successfully synthesized by using this method. The prepared zinc oxide nanoparticles were spherical in shape and were cha- remediation. Also, they may be applied for electronic and magneto-electric devices.
This process is an economical method for the preparation of nanocrystalline zinc oxide with respect to energy, time and simplicity as well as it has high yield of 96.7% and can be used for large scale synthesis of zinc oxide nanoparticles.
